Objective. To assess adherence to 3 system-level performance measures in a national early rheumatoid arthritis (RA) cohort. Cohort (2007Cohort ( -2015 who met 1987 or 2010 American College of Rheumatology/European League Against Rheumatism criteria with <1 year of symptom duration and ≥1 year of followup after enrollment were included. Performance measures assessed were the percentage of RA patients seen in yearly followup, and the number of gaps between visits of >12 or >14 months, the percentage of RA patients treated with a diseasemodifying antirheumatic drug (DMARD), and days from RA diagnosis to initiation of a DMARD. Results are shown stratified by enrollment year to assess for temporal changes in performance. Results. A total of 1,763 early RA patients were included (mean age 54 years, 73% female, and 82% white). At enrollment, mean AE SD disease duration was 6 AE 3 months, and Disease Activity Score in 28 joints was 5.1 AE 1.5. Over 8 years, the proportion of patients seen in annual followup declined from 100% to 91%. Over followup, 42% of patients had 0 gaps in care of >12 months, and 64% had 0 gaps >14 months. The percentage of DMARD-treated early RA patients was and remained high (95-87%), and the percentage receiving DMARDs within 14 days of diagnosis was 75%. Median time-to-DMARD therapy was 1 day, indicating DMARDs were initiated at diagnosis (90th percentile 93 days). Conclusion. There was evidence of high adherence to system-level performance measures in this early RA cohort following a protocol. Small declines in performance were noted with increasing length of patient followup. Our findings are useful for performance measure benchmarking.
INTRODUCTION
Measuring health care quality has received increasing attention over the last 2 decades since landmark reports from the Institute of Medicine described important gaps in health care (1, 2) . In rheumatology, organizations such as the American College of Rheumatology (ACR) in the US and the National Institute for Health Care Excellence (NICE) in the UK have developed quality indicators (3, 4) and quality standards (5) as tools for monitoring and improving the quality of care provided to patients with rheumatoid arthritis (RA).
The Arthritis Alliance of Canada (AAC) is a not-for-profit organization bringing together arthritis stakeholder groups Supported by a grant from the Canadian Initiative for Outcomes in Rheumatology Care. The Canadian Early Arthritis Cohort study was designed and implemented by the investigators and supported through unrestricted research grants from Amgen, Pfizer Canada, UCB Canada, AbbVie, Eli Lilly Canada, Sanofi Genzyme Canada, Bristol-Myers Squibb Canada, Hoffmann-LaRoche, and Janssen Biotech. 1 from across Canada to participate in projects to improve the lives of patients living with arthritis. The AAC has developed an approach to models of care for inflammatory arthritis (6) and a framework for model-of-care evaluation that promotes provision of high-quality care. As part of this evaluation framework, a set of 6 system-level performance measures for inflammatory arthritis care capturing early access to care and treatment for inflammatory arthritis patients were developed (7) . The measures capture the following concepts: waiting times for rheumatologist consultation, percentage of patients seen by a rheumatologist, percentage of patients seen in annual followup, percentage of patients treated with a disease-modifying antirheumatic drug (DMARD), time-to-DMARD therapy, and rheumatologists per capita (7) . To date, the measures have not been tested in regular rheumatology practice settings, as quality of rheumatology care is not routinely monitored in Canada outside of the context of research.
The objective of the present study is to report on 3 of the system-level performance measures (percent seen in yearly followup, percent taking a DMARD, and time-to-DMARD start) in early RA patients enrolled in a panCanadian study (the Canadian Early Arthritis Cohort [CATCH] ) (8) . The remainder of the measures were not evaluated, as the data were not available and/or the measure was not appropriate to measure in CATCH (e.g., waiting times were not captured in CATCH, rheumatologists per capita has been evaluated elsewhere [9] , and the percentage of patients seen by a rheumatologist is a measure captured using population administrative data).
PATIENTS AND METHODS
CATCH is a prospective observational study of patients with early RA seen in academic and community rheumatology clinics across Canada since its inception in January 2007 (8) . Patients in CATCH are recruited by a member of their health care team and receive usual care and treatment at the discretion of their rheumatologist, but sites are encouraged to target treatment to attain remission. Members of the CATCH site primary investigators are shown in Appendix A. Patients are followed according to a standard protocol with assessments at baseline (at enrollment) and every 3 months for the first year, every 6 months, in year 2, and annually thereafter. Data from visits outside of these standard assessments are not captured in CATCH. At each visit a standardized assessment is completed, including (but not limited to) measurement of disease activity, evaluation of medications, and patient-completed validated questionnaires on symptoms and physical function. Standard-of-care laboratory tests are drawn for each protocol visit at the discretion of the provider (8) .
Inclusion criteria. Patients from CATCH were included in the study if they met either 1987 ACR (10) or 2010 ACR/ European League Against Rheumatism (EULAR) criteria for RA with <1 year of symptom duration at enrollment (11) . Patients who had not yet reached their expected 1-year followup date or those missing the date of first treatment start were also excluded, as they would not have enough followup time to be eligible for performance measurement. Followup time began upon enrollment on or after January 1, 2007 and continued until patient withdrawal from the study or the end of the study period (May 9, 2016).
Analysis. Descriptive statistics were calculated for baseline characteristics. Chi-square tests were used to examine differences in performance over time. Control charts were created for the measures depicting performance over time compared to overall mean and with upper and lower control limits set at 3 SDs above and below the mean. Three system-level performance measures were operationalized and reported.
Percentage of patients seen in yearly followup by rheumatologists. The percentage was calculated using fixed 12-and 14-month windows. Each patient's followup time began at enrollment and continued until the patient withdrew from the study, was lost to followup, or the study observation period ended, whichever came first. The proportion of patients meeting this measure was calculated using the denominator (e.g., expected visits: 1 for each calendar year) and the observed visits (if they had at least 1 during the year) as the numerator. The number of gaps of >12 and >14 months duration (to allow for a lag-time in appointment scheduling) between consecutive visits was also calculated and reported as a proportion of the total number of years of followup for all patients in the cohort.
Significance & Innovations
• There was evidence of a high level of adherence to performance measures for early treatment and followup in early rheumatoid arthritis (RA) patients from rheumatology clinics across Canada who were enrolled in a prospectively followed cohort.
• Measuring adherence to performance measures using an established early RA cohort is feasible and may be used for benchmarking in other settings.
Performance Measure Evaluation in an Early Arthritis Cohort
Percentage of patients taking a DMARD or biologic DMARD during the measurement year. The percentage of patients using DMARDs was calculated between the enrollment date and the end of followup on a yearly basis for each patient. The denominator included the number of patients in the cohort during the measurement year, and the numerator included the number of patients with at least 1 DMARD or biologic DMARD prescription during the year, as documented in the patient record.
Time-to-DMARD therapy. Time was calculated by measuring the time between the physician-reported date of RA diagnosis and the date the first DMARD was started, and was reported as the median and 90th percentiles. Additionally, the percentage of patients treated within the Wait Time Alliance (12) . Inclusion criteria for the study. There were 1,763 Canadian Early Arthritis Cohort (CATCH) patients included in the analytic sample at baseline (final box in the figure). Over time there was some attrition due to withdrawals or patients who were lost to followup: 11 in the first year, 68 between the first and second years, 65 between the second and third years, 59 between the third and fourth years, 50 between the fourth and fifth years, and 65 at ≥5 years. ACR = American College of Rheumatology; EULAR = European League Against Rheumatism; RA = rheumatoid arthritis; DMARD = disease-modifying antirheumatic drug. 
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Barber et al year of followup in 2016 to meet this measure. All results were also stratified by year of enrollment in the cohort.
Ethics. The present study was approved by the University of Calgary Research Ethics Board (REB15-2271). The CATCH study was approved by local research ethics boards at each center, and all participants provided written informed consent.
RESULTS
A total of 1,763 early RA patients met inclusion criteria for this study ( Figure 1 ). Enrollment characteristics were similar to other early RA cohorts, as patients had a mean age of 54 years and 73% were female ( Table 1 ). The mean AE SD disease duration at enrollment was 6 AE 3 months and the median followup was 4 years (range 1-9 years).
The percentage of patients seen in yearly followup is shown in Table 2 (control chart available in Supplementary Appendix A, available on the Arthritis Care & Research web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23439/ abstract). The overall percentage seen in yearly followup declined from 100% in 2008 to 85% in 2015 (P = 0.24). However, when analyses were stratified by year of enrollment, this trend was explained mostly due to an increasing proportion of patients with longer cohort followup in later years (e.g., more people in later years with longer followup who had a greater opportunity to get lost to followup over time). There were few statistically significant differences in followup rates when the stratified sample was reviewed, with the exception of the patients enrolled in 2011, who had higher rates of missed followups over time.
Similarly, the number of gaps in care also increased with increasing length of followup (Table 3) , with the most common pattern of care being no gaps of >12 months between years 1 and 3 of followup, but by year 4, 50% of patients had at least 1 gap, and by year 6 over 50% had 2 or more gaps in care. When a 14-month window was used, over half of the patients had no gaps until year 5 of followup, with increasing numbers of gaps seen after 5 years (Table 3) . Overall, using a 14-month window, 64% of patients had no gaps in care over followup compared to 42% using a 12-month window. The percentage of patients treated with a DMARD was high throughout all years of evaluation between 2007-2015, with a nonsignificant decline over the calendar years from 95% in 2007 to 87% in 2015, likely again due to a greater proportion of the sample with longer RA duration in later calendar years (e.g., with more opportunity to be off treatment) ( Table 4 Table 4 ).
The median time-to-DMARD start for all patients with an available date of diagnosis and a treatment start after diagnosis (n = 1,303) was 1 day with a mean AE SD of 34 AE 88 days (Table 5 and 
DISCUSSION
The CATCH cohort is a multicenter cohort representative of early RA patients treated in settings of usual care in rheumatology practices across Canada. In this study, we observed high rates of adherence to the 3 performance measures that could be captured in CATCH, including high rates of yearly followup, DMARD use, and a high percentage of patients treated with a DMARD within the benchmark of 2 weeks. While overall rates of adherence to the measures were high, a small decline in yearly rates of rheumatologist visits and DMARD use was observed with increasing length of cohort followup. Conversely, a trend toward an increased rate of patients treated with DMARDs within the 14-day benchmark was observed with increasing calendar year.
To our knowledge, this study is the first in which nationally endorsed system-level performance measures (7) have been evaluated in Canadian patients. The use of real-world data has helped inform measure development, as operationalization of the measures has identified a number of issues. In the following section, a rationale for updated specifications of some of the measures is discussed. A summary of the final recommended updates is shown in Supplementary Appendix A (available on the Arthritis Care & Research web site at http://onlinelibrary.wiley.com/doi/10. 1002/acr.23439/abstract). First, when the measure capturing the percentage of patients in yearly followup was operationalized, both a fixed and a rolling time interval were planned to measure the percentage. Rolling intervals capture the time between patients' 2 consecutive visits, resetting the clock so that the second visit is used as the new anchor time point for the subsequent followup visit and so on. This method, in theory, should provide a more reliable estimate of whether there were gaps in followup visits of >12 months between 2 consecutive visits. However, when trying to report on adherence to the measure by calendar year, using rolling intervals, it became apparent that a patient could have met and missed the measure within the same calendar year, so that reporting the adherence data by calendar year was impossible. Limitations also exist to using a fixed-interval approach, as was done for this analysis. For example, a patient may have almost 24 months between 2 consecutive visits, but because the visits fall within 2 consecutive calendar years, the measure will be met in both years. To address this possibility, a secondary analysis was conducted to identify the number of gaps in care of >12 or >14 months duration between rheumatologist visits, which is a more sensitive indicator of gaps in care. Both methods are recommended for reporting this measure.
Additionally, although the percentage seen in the yearly followup measure was originally designed to be captured and reported on a yearly basis, a 14-month window seemed more realistic. For example, a physician may request a yearly followup with a patient, but due to a scheduling preference this appointment gets booked in 13 or 14 months, such that the performance measure would not be met, yet this length of time may not truly reflect a gap in care. Additionally, in some Canadian provinces physicians may be remunerated more for followup visits billed at an interval greater than 1 year. This fact means there may be an incentive to booking patients just over 1 year, which may also not represent a true gap in care. Indeed, the adherence to the measure improved, and the number of gaps declined significantly, when using a 14-month rather than a 12-month window. Ideally, a 14-month interval for assessing followup would be optimal, as in clinical practice insurers sometimes require 12 months between appointments, so that a 12-month interval is impossible to meet. Thus, the measure results reported for a given calendar year require 12-month look-back and look-forward periods if the measure is intended for high stakes applications, to provide the most accurate performance assessment. However, measuring adherence to 14-month windows of followup on a yearly basis over time (e.g., >1 year) becomes problematic for reporting, as the windows of expected followups will eventually no longer fall neatly within calendar years for reporting. Additionally, further evaluation should be conducted to determine whether adherence to a 12-month versus a 14-month window of followup impacts any patient outcomes.
For the time-to-DMARD measure, over 400 patients were treated with a DMARD before their physician-reported date of diagnosis. This treatment may have been due to a variety of reasons. For example, patients may not have fulfilled RA criteria or had undifferentiated or palindromic presentations and were treated with a DMARD before a formal diagnosis of RA was made. Also the paradigm for the diagnosis of patients recruited before the 2010 ACR/EULAR criteria (11) were published may have meant that patients were being treated offlabel before a formal RA diagnosis was made according to the older ACR criteria (10) . When calculating the median and 90th percentile, as recommended when reporting on this measure (7), this calculation incurred negative values for the patients treated before diagnosis. Therefore, the performance measure was reported in 2 ways. The first included only those patients treated after the diagnosis of RA was made, as ensuring no delays is critical in patients referred without a diagnosis and without treatment, and this would represent an appropriate target for quality improvement if long wait times were observed. Secondly, the performance measure included all patients with an available diagnosis and treatment start date, and considering the 14-day benchmark met when treatment is initiated before diagnosis. Reporting both of these metrics may be useful to understand practice patterns in health systems. A final consideration for this measure is the potential for gaming (e.g., physicians delaying a documented diagnosis of RA to decrease the time-to-DMARD start). While an unlikely consequence of measurement, such a practice is a possibility in high-stakes measurement. Of note, physicians participating in CATCH were not aware they were being evaluated on measure performance.
The quality of care in rheumatology is not routinely measured in Canada outside of the context of local quality improvement projects and research using administrative data (13) (14) (15) or chart reviews (16, 17) . In contrast, in the US, rheumatology quality measures are reported in national programs used for physician quality reporting tied to reimbursement. The ACR Rheumatology Clinical Registry (18) was used by rheumatologists for the Physician Quality Reporting System and demonstrates that registries are useful vehicles for quality monitoring and reporting. Recently, the ACR has developed the Rheumatology Informatics System for Effectiveness (RISE) registry (19) . RISE passively extracts electronic medical records (EMR) data from participating practices for quality measurement and reporting. The ACR recently developed a set of electronic quality measures for use in RISE to capture access to treatment, as well as disease activity and functional status monitoring and tuberculosis screening prior to biologic or small molecule therapy (3, 4) . The DMARD performance measure from the present set (7) was designed to be harmonized with the ACR DMARD measure, to ensure comparable measures between countries; however, no additional overlap exists between the measure sets.
Current data from RISE on adherence to the ACR's e-measure for DMARD use revealed similarly high rates of DMARD use (91% adherence) in a denominator of over 57,000 RA patients (4). In contrast, significant gaps in DMARD use are still reported in population-based studies (15, 20, 21) , even among patients under the care of a rheumatologist (20) . This difference could be because rheumatologists participating in CATCH and RISE may be more aware of quality measures and more likely to adhere to them than nonparticipating rheumatologists. The difference also may reflect an enrollment bias, whereby physicians may be less likely to enroll patients in cohorts who are not expected to follow up or comply with medication recommendations (although unlikely with RISE, as it is EMR-based enrollment). Alternatively, the completeness of administrative data compared to cohort and EMR data may also play a role in the disparate results.
Delays in DMARD starts have been associated with worse outcomes for patients, including increased radiologic progression and need for surgical interventions and lower remission rates (22) (23) (24) (25) . Most significant delays to therapy occur due to delays in access to rheumatology, and time-to-DMARD start once a patient is seen by a rheumatologist is often negligible (26), a finding confirmed by our study. In comparison, wait-time benchmarks for DMARD start times are more stringent in our Canadian set than in the NICE quality standards from the UK, yet higher rates of adherence are reported in our study (75% within 14 days of diagnosis in CATCH compared to 53% treated within 6 weeks of referral in the UK) (27) . Unfortunately, the complementary measure of waiting time to rheumatology care, that captures the time between rheumatologist referral and first visit for patients with RA (7), was not captured in CATCH and is being evaluated in other data sources, including triage databases across the country. In the UK, adherence to the NICE quality standard wait-time benchmark of 3 weeks for rheumatologist consultation was poor (38%) (27) , likely contributing to the lower rates of timely treatment seen, as the measure for timeto-treatment was anchored at the referral date.
Guidelines, quality standards, and quality indicators recommend that RA patients be seen at least yearly in followup to evaluate their disease status, screen for comorbidities, and review medications (5,7,28,29). There has unfortunately been little published evaluation on RA patients who may have gaps in care or get lost to followup and on the consequences of lack of rheumatologist care. In a population-based study from British Columbia, Canada, lack of continued rheumatology care was associated with lower rates of DMARD use (22% without any rheumatology care over the prior 5 years compared to 92% with continuous care) (14) . While the present study is limited, as visit intervals were done per protocol, which may have biased the results, there was still a small decline in followup rates over time. This decline, however, may not be associated with a decline in care, as patients possibly withdrew or missed appointments with CATCH but continued seeing their rheumatologist. In addition, patients who missed followups may have been in low disease activity or remission, and missing care may not have been associated with poorer outcomes. Further study is warranted to evaluate the impact of gaps in care on patient DMARD use and most importantly on patient outcomes.
While this study represents the most comprehensive examination of the recently published system-level performance measures for inflammatory arthritis in Canada, there are a number of limitations. While treatment is at the discretion of the treating rheumatologist, care received may not be entirely representative of usual care, due to selection bias from participating rheumatologists and patients. Physicians agreeing to participate in CATCH may be more motivated to treat patients according to guidelines and best practices. Also, through the research conducted, they may receive more practice feedback than the average rheumatologist in Canada, possibly leading to higher rates of adherence to the measures. Furthermore, patients who dropped out of CATCH or who had missing data possibly could have created a reporting bias, although numbers of dropouts were small after the first year (between 11 and 68 per year). Additionally, adherence to the performance measure capturing the percentage seen in yearly followup observed in this study may represent an overestimation compared to usual care, as followup is dictated by a protocol.
The original performance measures descriptions also included some exclusion criteria, which could not be easily operationalized in the context of CATCH. For example, for the DMARD measure, patients with a pregnancy during the measurement year should be excluded from measurement; however, this variable was inconsistently captured in the data and, given the small numbers, likely had minimal impact on results and was not formally applied in this analysis. Additionally, given the source of the data, DMARD use represents DMARDs prescribed rather than DMARDs taken, as information on patient nonadherence to DMARD initiation or treatment is not available. Also, only 3 of the performance measures could be captured in this data set. While 2 of the performance measures required different data sources (percentage of patients seen by a rheumatologist and rheumatologists per capita), the addition of referral dates to CATCH data capture would allow the waiting-time measure to be reported. Lastly, while the measures were developed considering existing national and international guidelines for RA, they 848 Barber et al were developed for the Canadian context and may not be widely generalizable. Despite these limitations, this work provides a clear set of benchmarks for further evaluation of these measures in other data sources, as this cohort likely represents a best-case scenario. This study represents the first time the system-level performance measures have been tested and highlights the fact that testing performance measures is crucial prior to implementation, due to potential issues in measure operationalization and/or interpretation using real-world data. Further testing of the measures in different data sources is planned, including in administrative data, EMR data, and other clinical cohorts. Additionally, future studies examining patient and provider factors that impact measure performance will be important to conduct, to better understand how to improve any observed gaps in care. While the rates of adherence in this cohort were high, lower adherence will perhaps be observed with other data sources, but the current results may be used in benchmarking.
